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offers his opinions, un- 
shackled by advertising the forensic terminology of Phil- 
patrons and unrestrained adelphia, and a new symbol for com- 
by anything save asense | munity murder. Ever since the infa- 
ent mous Countess Toffana circulated her 
ful. The editor, alone, is : 
responsible for their type, so-called beauty lotion as a_ subtle 
their tone and their tenor. weapon of death, arsenic has, through 
the centuries, maintained a steady use 
in stealthy murder. 

Toffana water, rich in arsenic, bore a pretty label, with the picture 
of a saint adorning it, and history tells us that when poured inside the 
face, instead of upon it, it never failed in its sanctifying mission. 

Mostly through this medium, and during that particular period, 
poisoning became a fine art in southern Europe, and to be poisoned by 
intent was described in the language of the day as being “Italianated.” 

To achieve to the eminences in the state and church, the con- 
scienceless got there soonest by the poison route. In politics the vial 
outdid the vote. 

And a shuddering history verifies our statements by reminding us 
of such villains as the Borgias, Locusta, the Countess Toffana and a 
score of other such ogres who plied their poison trade with ruthless 
policy. 

And policy seems to be a most appropriate word to describe the 
petrillizing of the unnumbered host of victims of this local poisoner, 
except that it was insurance policy which furnished the motive. 

Reports of the coroner’s chemists indicate that the various en- 
trails examined, all contained arsenic, and that the owners of the 
entrails had gone to their untimely end by the old Italian route. 

But to me the moot question is “Where did Petrillo get his 
arsenic ?”—and the quick answer is—“Most anywhere—where this 
potent poison may be purchased by most anybody”!!! 

It is something of a farce when we recall the stringent rules 
imposed upon the corner pharmacist in his handling of medicinal 
poisons. He must follow certain rules for storage, rules for packaging, 
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and rules for identifying and registering purchasers of poison, and 
generally speaking he abides by these rules willingly. 

Yet it is a fact that vicious poisons are sold elsewhere in tremen- 
dous tonnage and sold as freely as ribbon at the counter. 

Anyone may buy arsenic, as arsenate of lead (Japanese beetle 
poison) or as Paris green, in a hardware store, at the local seedsman, 
or even at the V and X. There is no registration, no identification of 
the purchaser necessary, and yet one small package of this vicious 
chemical furnishes enough poison to wipe out the people of a good 
sized community. 

Nicotine sulfate (Black Leaf 40) is a good garden insecticide, 
and is sold without restraint in bottles whose poison content far 
exceeds Toffana water in its balmiest days. 

Sudden death fills every vial! 

In other words, petrillizing may be accomplished with very little 
restraint. Indeed who knows but that inspired poisoning is much 
more prevalent than we suspect? The pink certificate that verifies our 
deaths and frequently files our only legacy, may quite innocently lie 
about our method of dying. Without a complete post mortem the 
actual cause of death is frequently misreported—and more than likely 
many reach their long, long sleep shrouded in a Greek mystery, when, 
if the truth had been known, they had come to a well-planned and a 


petrillized end. 
Ivor GRIFFITH. 
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VERATRUM VIRIDE AND V. ALBUM 


ORIGINAL ARTICLES 


PHYSIOLOGICAL EVALUATION OF VERATRUM VIRIDE 
AND V. ALBUM I. TOXICITY *** 


By Arno Viehoever and Isadore Cohen 
Philadelphia College of Pharmacy and Science 


I. Introduction 


ATISFACTORY chemical methods for the evaluation of the ac- 

tivity of powders and preparations of Veratrum viride and V. 
album have not yet been devised. This is no doubt due to the fact 
that the chemistry of both species of veratrum is very complex. Little 
attempt has been made recently to study critically the physiological 
activity of any individual component or alkaloid. At present, the 
only other alternative remaining for the standardization of veratrum 
species and their preparations is a method based upon the physio- 
logical approach. 

The biological method is complicated by the commercial un- 
availability of the isolated components of the alkaloidal complexes. 
This necessitates relative comparisons which are not as conclusive 
as those based on a standard reference substance of chemical purity 
and specific physiological activity. 

Another difficulty is encountered in the interpretation of potency. 
Preparations of V. viride and V. album are used as cardiac de- 
pressants. The question then arises as to whether the cardiac de- 
pressant principle is identical with the toxic one. Should the toxic 
principle be identical with the cardiac depressant (therapeutic) one, 
then a physiological assay based upon toxicity would be acceptable. 
However, should it be true that the toxic principle is not identical 
with the cardiac depressant one, then such an assay would indicate 
_ only the safety of the preparation and not the therapeutic efficiency. 


1. Contribution from the Gross Laboratory for Biological and Biochemical 
Research. 


2. Supported by a grant from Irwin, Neisler and Company, Decatur, Illinois. 


3. Presented in section of Medical Sciences of A. A. A. S. meetings held 
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Previous assays of veratrum preparations have been based chiefly 
on toxicity (Houghton and Hamilton (4), Pilcher (10), Rowe (15), 
Pittenger (11), Swanson and Hargreaves (20)). Pittenger (11) 
concluded that a biological assay method based upon the M. L. D. 
to guinea pigs, subcutaneously injected in the abdominal region, 
offered a means of accurate standardization. However, entirely satis- 
factory results were not obtained. Christensen and McLean (3) re- 
ported a preliminary. bioassay method based upon the minimum dose 
necessary to produce emesis in pigeons. 

Our previous experience with the Daphnia methods (23; 24, 26) 
in testing for toxicity influenced our decision to investigate fully the 
possible use of Daphnia magna as an experimental animal in deter- 
mining the toxicity of veratrum preparations. Warm blooded animals 
such as rats, guinea pigs and rabbits were used to check our toxicity 
findings with Daphnia magna. In addition, investigations on these 
animals were conducted with the stethographone to determine whether 
the cardiac depressant activity of veratrum preparations could be 
standardized on intact animals. 

In this paper we present the results of our toxicity studies, the 


status of the cardiac depressant studies and suggest further lines of 
attack on the problem of standardization. The preparations of V. 
viride and V. album were supplied to us by Irwin, Neisler and Com- 


pany. 


II. Chemistry of Veratrum Album and V. Viride 


The chemistry of Veratrum album and V. viride has been in- 
vestigated intermittently for’ well over a century. Veratrum album 
has by far received greater attention than V. viride and, consequently, 
more is known about the first species. Moreover, greater quantities 
of material were investigated in the analysis of V. album thus tending 
to eliminate the possibility of alkaloids, which are present in small 
amounts, to escape detection. In contrast to the numerous chemical 
studies there has been apparently little pharmacological studies made 
with the isolated compounds. 

Viehover and Clevenger (27) tabulated in chronological sequence 
the results of investigations upon both species of veratrum. In many 
instances, these results are mutually contradictory. From their own 
observations and from the results reported in the literature, they con- 
cluded that the character of the alkaloids of V. album does not appear 
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to differ much from that of the alkaloids of V. viride, and that the 
alkaloid content in both species varies within the same limits so that 
no differentiation of species is possible on such basis. However, a 
thorough reinvestigation of V. album has been undertaken recently 
by Poethke (12). In addition to confirming some of the earlier re- 
sults, the discovery of a new alkaloid, germerine, was made. A 
similar reinvestigation should be made for V. viride since the chem- 
ical relationship between these two species is by no means conclusively 
established. 

. A. VERATRUM ALBUM 


Pelletier and Caventou (7) in 1819 isolated from the rhizome of 
V. album an amorphous alkaloid—in reality an alkaloidal mixture— 
which they considered to be identical with veratrine found in the 
sabadill seed. Simon (19) in 1837 first isolated jervine, a crystalline 
base, whose formula was determined as Cgp9HgqO5N4 by Will (30) 
in 1840. Weigand (28) in 1843 confirmed the presence of veratrine, 
while Weppen (29) in 1873 and Wormley (32) in 1876 confirmed 
the presence of both veratrine and jervine. Tobien (21) in 1877 
assigned to jervine the formula Co7H47OgNpe and also reported the 
presence of an amorphous base, veratroidine Co4H37O7N, but did 
not find veratrine. In addition to finding jervine, Mitchell (6) in 
1874 reported the presence of veratralbine, which Wright and Luff 
(34) in 1879 considered to be possibly a mixture of alkaloids. They 
clearly established the recognition of veratrum alkaloids by preparing 
pure jervine and assigning to it the correct formula CogHo7O3N ; 
also they found two other crystallizable bases: rubijervine 
CogH4302N and pseudojervine Co9H45;07N. Moreover, they dis- 
covered that more than 50 per cent. of the alkaloidal mixture could 
not be crystallized. This they considered consisted chiefly of the 
alkaloid veratralbine Co;H43;O0;N and slightly of veratridine, a base 
which yielded veratrum acid upon saponification, 

Since jervine had a slight toxic effect and rubi- and pseudojervine 
had none, the great toxicity shown by V. album was due to some 
other substance or substances. Salzberger (17) in 1890 after four 
years work, using the baryt and metaphosphoric acid methods, iso- 
lated from 400 kg. of rhizomes the highly toxic protoveratrine 
and protoveratridine CogH4;OgN. In addition he 
confirmed the formulas assigned by Wright and Luff (34) to jervine, 
rubi- and pseudojervine. Bredemann (1) also in 1906 succeeded in 
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isolating protoveratrine. Saito, Suginome and Takaoka (16) could 
isolate from Japanese veratrums only jervine in addition to amorphous 
alkaloids. 

Poethke (12) in a very thorough iaahiin aimed at the complete 
isolation of the alkaloids, improving their method of preparation, at 
the understanding of their chemical relationship, and ascertaining 
their distribution in rhizomes, roots and leaf bases. His discovery 
of germerine C3gH;701,N.H2O, a free base, and his classifications 
of the various alkaloids, based on their reactions to various pro- 
cedures, clarify greatly the complexity of this problem. For example, 
he found that plants from the Bavarian Alps differed from those from 
Jugoslavia in kind and amount of alkaloids present. The understand- 
ing of such variations is of especial importance in connection with the 
medicinal use of V. album. 


B. VERATRUM VIRIDE 


The development of our knowledge of the alkaloids of Veratrum 
viride closely parallels that for V. album up to 1879. In 1838 
Worthington (33) isolated from V. viride an alkaloid which he con- 
sidered to be identical with veratrine. Richardson (13) in 1857 and 
Scattergood (18) in 1862 found veratrine and probably jervine. 
While Percy (8) in 1864 confirmed the presence of veratrine, Bul- 
lock (2) in 1865 in isolating two alkaloids denied the presence of 
veratrine. Wood (31) called them provisionally veridia and vera- 
troidia. 

Maisch (5) in 1869 suggested that the alkaloids of V. viride 
were identical with those of V. album. Peugnet (9) in 1874 proved 
the identity of viridine and jervine (also Mitchell (6)) and found 
veratroidine to be different from veratrine. In 1874, Mitchell (6) 
reported jervine and veratroidine and Wormley (32) in 1876 re- 
ported jervine and veratrine. Bullock (2) in 1876 reported vera- 
troidine as a mixture of jervine and a resin, while Wright and Luff 
(34) in 1879 considered veratroidine as a possible mixture of more 
than one base. That year Wright (35) also found jervine, rubi- 
and very little pseudojervine, cevadine and traces of veratrine and 
veratralbine. Robbins (14) in 1877 reported the presence of jervine, 
veratridine and the absence of veratrine. 

Wright (35) found that the alkaloidal content of V. viride was 
‘one-fifth of that of V. album. 
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V. viride 


V. album 


Jervine 1.3 gm. per Kg. 0.2 gm. per Kg. 
Pseudojervine 0.4 gm. per Kg. 0.15 gm. per Kg. 
Rubijervine 0.25 gm. per Kg. 0.02 gm. per Kg. 
Veratralbine 2.2 gm. per Kg. trace per Kg. 
Cevadine apparently zero per Kg. 0.43 gm. per Kg. 
Veratrine 0.05 gm. per Kg. trace (less than 0.004 gm.) 


III. Culture and Standardization of Daphnia Magna 
The propagation of Daphnia magna was reported in 1935 by 
Viehover (22) and further methods for culture and standardization 
by Viehover and Cohen (23, 26). Bovung (dried, shredded cow 
manure) and Cellu soy bean flour have been used as nutrient sources. 
The manure medium is made up per gallon by first boiling two 
grams of Bovung in 50 cc. of water which is then added to water 
containing a piece of marble. After fermentation and inoculation of 
fodder organisms from a successful culture, the medium is ready for 
use after three days. The standard soy bean medium is made up by 
adding 500 mg. Cellu and 100 mg. urea to a gallon of well-aerated, 
dechlorinated tap water also containing a piece of mzrble. This can 

' be used on the day following inoculation. 

The daphnia used in the study of the mechanism of drug action 
were standardized in respect to age, sex, cultural and environmental 
history in the following manner. Gravid females were isolated in one 

ounce bottles, containing the culture medium, and checked daily. 
Those which had released young were transferred to a new bottle 
while the young were all placed together in a gallon jar, half-filled 
with culture medium and containing a piece of marble. 

The cultures were placed in northern light and the temperature 
maintained at 70 degrees F. _ 


IV. Toxicity as Tested by Daphnia 


General Effect on Swimming 

The normal swimming action of daphnia is so characteristic that 
any impairment to its mechanism may be considered an important 
toxic symptom, produced by the active agent being tested (23, 24). 
The effect of veratrum tinctures (freed from alcohol) upon the 
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swimming mechanism resembles that produced by strychnine (23). 
However, the tetanic beating of the antennae produced by veratrum 
is by no means as severe. 

The sequence of changes in swimming produced by veratrum 
is: excitation, as shown by rapid darting motions; incoordination, 
which transforms the path of swimming into loops and flattened 
spirals ; and, finally, convulsions which force the animals to the sur- 
face with continued beating of the antennae. Long rest periods then 
follow in which the daphnia sink to the bottom of the observation 
chamber. 

With the onset of convulsions, there is a decided arop in the 
rate of heart beat and respiratory movements. 

In the first few hours of exposure to veratrum, the convulsive 
action is dominant over the depressed or resting periods of the 
animals. Later, longer rest periods, paralysis, followed by death, are 
characteristic symptoms. The change from the initial to later 
symptoms has been designated by us as the debility shift (23). 

Results from preliminary experiments indicated that the debility 
shift could be used in a comparative quantitative assay of tinctures 
of V. viride and V. album. Flat museum jars, used previously in 
other studies (23, 24, 26) measuring 144% x 9% x 1¥% cms. and con- 
taining fifty ten-day-old standardized daphnia were filled with 100 
cc. of the test solution made up as follows: 

Tinctures V. viride I, 2, 3 and V. album 4 were evaporated to 
-semi-dryness, diluted 1-5 with distilled water, agitated and filtered. 


Desitity SHIFT OF DAPHNIA IN SOLUTIONS OF V. VIRIDE AND V. ALBUM 


V. viride V. viride V. viride V. album 
Hours I 2 3 4 
I 20/30 20/30 25/25 20/30 
2 30/20 35/15 30/20 10/40 
3 25/25 30/20 30/20 10/40 
4 30/20 25/25 25/25 3/47 
5 15/35 20/30 20/30 1/49-0/50 
6 19/31 22/28 20/30 2/48 


Taste I. Tinctures evaporated, then diluted 1-5, filtered. 10 cc. filtrate 
added to 90 cc. culture water containing 50 ten day old daphnia. 

Numerator = No. of daphnia distributed in upper half. 

Denominator = No. of daphnia distributed in upper half. 


: 
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The filtrate was added to the culture medium in the ratio of 1-10. 
Hence, on the basis of the original volume of the tinctures, the 
strength this test solution is equal to 1-50. 

A line was drawn through the halfway level of the museum jar, 
and at the end of each hour the number of daphnia swimming above 
and below this line was recorded as a fraction. The number of 
animals swimming above the midline represents the numerator and 
below this line the denominator. The assay was conducted at 70 
degrees F. 

It is readily apparent from these resuits that the debility shift in 
the test solution of V. album 4 occurs much sooner than in V. viride 
I, 2,3. Thus, its toxicity is taken to be greater. The relative toxicity 
was determined as follows: 

Filtrates of the four tinctures were prepared I-5 as previously. 
However, in this assay the test solutions were made up I-100 for 
tinctures I, 2, 3, 4, while 4a was 1-125, 4b was 1-167, 4c was I-250 
and 4d was I-500. 

The test solutions, 100 cc. each, were placed in the museum 
jars containing fifty ten-day-old standardized daphnia. The assay 
was conducted at 70 degrees F., and the results recorded as previously 
explained. 

The results show that solution 4c compares very closely with 
I, 2, 3, which appear to have the same toxicity. On the basis of this 
comparison, tincture V. album 4 is approximately 2.5 times more 
toxic than V. viride tinctures I, 2, 3. In a subsequent communication 
from Irwin, Neisler and Company, we were informed that samples 
V. viride 1, 2, 3 were extracted from the same lot of material under 
like conditions, while the extraction of V. album, of course, was from 
different material. Two more tinctures of V. viride, 5 and 7, were 
submitted to us for assay. 

Preliminary experiments based on the assay procedure indicated 
that V. viride 5 was equal in toxicity to V. viride 1, (2, 3) but was 
far more toxic than V. viride 7. Filtrates of samples V. viride 1, 5, 7, 
were made up I-5 as in the immediately preceding test. The assay 
was conducted with fifty ten-day-old daphnia in the museum jars 
each containing 100 cc. of the test solutions at the following concen- 
trations, V. viride 1, 5, 7 at I-100, 7a at 1-50, 7b at 1-33, 7c at I-25. 
The assay was conducted at 76 degrees F. The increase in tempera- 
ture evidently caused the debility shift to occur sooner here than wie 
tested at 70 degrees F. 
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Desitity SuHirt oF DAPHNIA IN SOLUTIONS OF V. VIRIDE 


V. viride 


I 7a 


15/35 | 30/20 | 20/30 20/30 
15/35 | 25/25 | 20/30 35/15 
3 13/37 | 25/25 | 20/30 35/15 
4 5/45 5/45 6/44 25/25 
5 1/49 3/47 0/50 25/25 


Tas_e III. Tinctures evaporated, the diluted 1-5, filtered. 
Solutions 1, 5, 7: 5 cc. filtrate to 95 cc. culture water. 
Solution 7a: 10 cc. filtrate to 90 cc. culture water. 
Solution 7b: 15 cc. filtrate to 85 cc. culture water. 
Solution 7c: 20 cc. filtrate to 80 cc. culture water. 

Fifty daphnia used per test. 

Numerator = No. of daphnia distributed in upper half. 
Denominator = No. of daphnia distributed in lower half. 


Solution 7c matched 1, and 5 closely (Fig. 1, 2). However, in 
5 (second column) at the end of five hours the daphnia were immotile 


Fig. 1. Photographic illustration of portion of data in Table III 
2 hours after start of experiment. 


Hrs. 
7b 7c 
25/25 22/28 
25/25 | 20/30 
20/30 | 15/35 
15/35 | 8/42 a 
7/43 2/48 
the 
e 
ig. 
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while in 7c some of animals swam convulsively 1-2 centimeters up 
from the bottom of the jar. Hence, it was considered that sample 


Fig. 2. Same 4 hours after start of experiment. 


V. viride 7 was slightly more than four times less toxic than 5 (also 
I, 2, 3). The first column of data under 5 was recorded from a 
previous experiment, but placed here to show the uniformity of the 
debility shift. Again in a subsequent communication from Irwin, 
Neisler and Company, it was learned that independent investigations 
based on the M. L. D. to guinea pigs showed that V. viride 5 was 
approximately five times as toxic as V. viride 7. 

Conclusions: The relative toxicity of five tinctures of V. viride 
and one of V. album, ascertained through the daphnia method of 
assay, is as follows: 


V. album 4—2.5 times more toxic than V. viride I, 2, 3, 5- 
V. viride 1 (2, 3) 5—four plus times more toxic than V. viride 7. 
V. album 4—+ten times more toxic than V. viride 7. 


The reliability of the results. obtained with the daphnia methods 
was confirmed by independent investigators using other methods. 
V. Toxicity as Tested by Rats 


The toxicity of the samples of tinctures Veratrum viride 1, 5, 7 
and V. album 4 was tested on rats of various ages at different times 
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over wide temperature ranges. On the whole, the agreement with 
the data obtained with daphnia is good, considering the variations 
inherent with the use of unstandardized animals at different tem- 
peratures. The tabulation below is a composite of our toxicity ex- 
periments. 


CoMPARATIVE TOXICITY OF V. VIRIDE I, 5, 7, AND V. ALBUM 4 TO Rats 


V. album 


V. viride 


i 


I many ts) 


a 


TasLe IV. Tinctures evaporated, diluted 1-5, filtered; subcutaneously in- 


L = living; D = dead. 


I 5 7 4 

cc/Kg. 

L D L D L D || g D : 

| 

10 2 I 2 
18 

24 
jected. 
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The tinctures tested were evaporated, diluted 1-5 with distilled 
water, agitated and then filtered. This filtrate was injected sub- 
cutaneously. Tincture V. viride 7 is slightly alkaline while the others 
are acid. The addition of dilute tartaric acid before the evaporation 
of sample 7 made no apparent difference in the activity of the filtrate. 
These results are included in the tabulation. The M. L. D. of the 
actual tincture can be derived by dividing the cc/Kg. filtrate by five. 


Description of Toxic Symptoms in Rat 


The first symptom is generally a respiratory spasm, which is 
then followed by salivation, decrease in heart beat rate, severe re- 
spiratory spasms becoming convulsive, profuse salivation, diuresis, 
atonus of body, and, finally, continued spasms culminating into either 
death by asphyxia due to respiratory collapse or leading to recovery 
after about three hours. 


Stethographone* 


The heart beat of the rat is very rapid. The following apparatus, 
designated by us as the stethographone, was assembled to record the 
heart beat and to listen to changes in its action. As the name implies, 
it is an electrical stethoscope. 

A crystal microphone is led into a pre-amplifier. From the pre- 
amplifier a set of leads go to an oscillograph while another set of 
leads go to an amplification unit with a loud speaker. The amplified 
impulse is also conducted into a mechanical counter which is synchron- 
ized with the audible heart beat. Recordings are made for any de- 
sired interval. Two microphones have been used to demonstrate the 
normal and depressed heart beat rate at various meetings and exhibi- 
tions held at the Philadelphia College of Pharmacy and Science 
(Fig. 3). 

The normal heart beat of rats is given here merely for the sake 
of establishing the range of heart beat of the white rat. Reports in 
the literature tend to higher values. 

Male rats are 120-135 gms., fifty days old, temperature 86-89 
degrees F. 


420, 430, 432, 460, 464, 472, 480, 484, 528, 532 per minute. 


*Mr. N. H. Sokoloff assisted in obtaining the data with this apparatus. 
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Upon the administration of one-third the lethal dose of filtrates 
prepared from the tinctures of Veratrum viride and V. album, the 
greatest depression occurs generally within the first half hour. The 
rate during recovery fluctuates widely, but the tendency is towards 
the original rate. The variability encountered in the heart beat curves 
of rats depressed by veratrum tinctures indicates that more work 
under uniform experimental conditions is necessary before conclu- 
sions can be drawn as to the feasibility of an evaluation based on 
cardiac depression in rats. 


Fig. 3. Stethographone operated by Dr. .Viehoever. 


VI. Toxicity as Tested by Guinea Pigs 
The greater toxicity of tincture Veratrum album 4 as compared 
to V. viride I was indicated by a limited number of experiments with 


guinea pigs. 
Filtrates were made up for subcutaneous injection as in pre- 
vious experiments. Thus 5 cc. filtrate would be equal to 1 cc. of 


tincture. 


i 
: 
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1 cc/Kg. V. viride 1 
2 cc/Kg. V. viride 1 
2.5 cc/Kg. V. viride 1 
I cc/Kg. V. album 4 
L = Living. D = Dead. 


It is interesting that some data obtained indicates that guinea 
pigs may conceivably acquire a tolerance to veratrum. On the basis 
of so few experiments this is merely advanced as a suggestion. Two 
guinea pigs that had received 1 cc/Kg. of V. viride 1 were injected 
on the following day with 1 cc/Kg. of V. album 4. They recovered. 
After four days rest, they received the same dosage and again re- 
covered. 

The symptoms of toxicity in the guinea pigs showed a similar 
sequence as in rats. With the onset of salivation the rate of heart 
beat dropped rapidly. Alternate waves of rapid and slow rates of 
heart beat accompanied respiratory spasms. Death occurred through 
asphyxia caused by respiratory collapse. 

The normal rate of heart beat of the guinea pigs as recorded by 
the stethographone is reported here. Weight range 440-562 gms., 
males and females, at 83-86 degrees F. 


240, 260, 280, 300, 324 per minute. 


VII. Toxicity as Tested by Rabbits 


The comparative toxicity of tinctures V. viride 1, 5, 7 and V. 
album 4 was again demonstrated with a limited number of rabbits. 
Filtrates of these tinctures were made up as previously 1-5 and in- 
jected subcutaneously. 


1 cc/Kg. V. viride 1 

1 cc/Kg. . album 4 

2.5 cc/Kg. V. viride 5 

2.5 cc/Kg. V. viride 7 
*Severe toxic symptoms, critical dosage. 


**No apparent toxic symptoms. 
L = living; D = dead. 


i 100 
D. 
2 oO 
I oO 
I 
re) 3 
 &§ 
| 
oO 
oO I 
2* I 
3** fe) 


VERATRUM VIRIDE AND V. ALBUM 


The symptoms of toxicity are practically the same as shown by 
rats, with the exception of diuresis. 

The cardiac depressant activity of the aqueous filtrates (1-5) of 
the tinctures on rabbits was recorded. Only eight rabbits were 
used. The data tends to show however that, within sixteen minutes 
after subcutaneous administration of the aqueous filtrates, the cardiac 
depressant activity of V. viride 7 is much weaker than the others. 


IOI 


Aqueous 
Filtrate 1-5 


Wt. Kg. 


Initial 


Dosage H. B. 


After 
16 min. 


Remarks 


V. viride 1 


V. album 4 
same rabbit 
next day 


V. viride 7 


viride 7 


. viride 7 
viride 7 
. viride 7 


. Viride 5 


“<4 & 


. Viride 5 


1.93 


1.93 
2.09 
1.4 


2.0 


1.43 
1.39 
1.27 


1 cc/Kg. 228/min. 


1 cc/Kg. 280/min. 


1 cc/Kg. 


240/min. 


1cc/Kg. 212/min. 
2.5 cc/Kg. 236/min. 
2.5 cc/Kg. 224/min. 


280/min. 


264/min. 
280/min. 


2.5 cc/Kg. 
1cc/Kg. 
2.5 cc/Kg. 


— 100 


Death 45 min. 


14 min.—148 


VIII. Discussion 


Rabbits lend themselves well to this type of work, since they are 
less excitable and more tractable than rats. Fear and struggling in 
the test animal produced rapid increases in the heart beat rate. 


The value of Daphnia magna as a test animal has been further. 
demonstrated by its reliability in determining the relative toxicity 
of veratrum preparations. The results from this work and of previous 
investigations indicate that the use of Daphnia magna deserves a 
wider application in toxicity studies. 
veloped to measure the progressve degrees of debility offers a precise 
means of evaluating toxicity and indicating the chain of events lead- 


The quantitative methods de- 


|| 

| 

1.93 —108 | 
+ 44 

— 56 

68 

— 128 

Death | 
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ing up to death. While death as an end point in toxicity experiments 
assumes a convincing finality, it is of equal importance, if not greater, 
to understand the mechanism of action of the toxic principle and the 
various phases of this activity: The transparency of Daphnia magna 
permits the direct observation of the internal organs functioning in 
the intact animal, thus eliminating certain factors which would have 
to be taken into consideration were surgical procedures undertaken 
for such internal observations. 

Although the daphnia methods provide a satisfactory means of 
evaluating the toxicity of veratrum preparations, the question of 
potency as related to therapeutic efficiency is by no means solved. 
Absolute standardization of veratrum preparations, we believe, should 
first be preceded by the physiological study of the isolated pure com- 
ponents of the veratrum complex and then followed by the adoption 
of a suitable reference standard or standards for the determination 
of the relationship between toxicity and the desirable cardiac de- 
pressant activity. 

It seems that the question of the standardization of veratrum 
preparations might well be compared to the current status of the 
problem of digitalis standardization. The various methods employed 
for the standardization of digitalis are based chiefly upon toxicity to 
the frog and cat heart. Apparently the evaluation of the therapeutic 
activity of digitalis can not be achieved by this method. Moreover, 
the results of different laboratories, using the approved technique on 
identical lots of digitalis, have been noteworthy in their disagreement. 
The intricate nature and instability of the digitalis complex undoubt- 
edly has contributed largely to this situation. 

We discuss of this critique of the digitalis problem only to 
emphasize the similar intricate nature of the veratrum complex and 
its problem of standardization. The approach to standardization 
based on therapeutic efficiency and limits of safety of the veratrum 
preparations is considered to be more logical than merely an approach 
based only upon toxicity. 

The development of the stethographone was motivated by this 
conception. It offers a new method for investigating the feasibility 
of the standardization of veratrum preparations based upon specific 
cardiac depressant activity. Clinical experience shows that veratrum 
reduces the blood pressure. The use of a blood pressure apparatus 
modified for recording such pressure in the laboratory animals would 
be a valuable instrument in connection with the stethographone. 


— 
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IX. Summary and Conclusions 


1. A physiological method has been devised for the comparative 
evaluation of the toxicity of preparations of Veratrum viride and of 
Veratrum album using Daphnia magna, the transparent crustacean, 
as a test animal. 

2. The action of the extracted veratrum principles upon the 
locomotion of standardized daphnia is so marked that the degree of 
impairment of this function (which is also related to the degree of 
internal depression) can be used quantitatively in comparing the 
potency of veratrum preparations. 

3. This impairment of internal organs is shown most strikingly 
in the depression of the cardiac and respiratory systems, which is of 
equally important diagnostic importance. 

4. Preparations of Veratrum viride made under like conditions 
from the same source of material show uniform potency. 

5. A preparation of Veratrum album made under similar condi- 
tions revealed a potency of at least 2.5 times greater than the prepara- 
tions made from Veratrum viride, and a potency of at least ten times 
that of a certain V. viride preparation made under different conditions. 

6. This varying potency has been verified by toxicity tests made 
upon the albino rat, guinea pig and rabbit. 

7. The depressant action of Veratrum viride and of V. album on 
the locomotory, cardiac and respiratory systems of Daphnia magna 
has been corroborated using the albino rat, guinea pig and rabbit. For 
the precise measurement of cardiac depression in the rat, the newly 
devised stethographone was used. 


X. Bibliography 


1. Bredemann, G.: Uber die Alkaloide der Rhizoma von Veratrum album: 


und iiber dis quantitative Bestimmung derselben. Apoth. Ztg., 21, 41 (1906). 

2. Bullock, C.: Does Veratrum viride Contain an Alkaloid Other than 
Jervia? Am. J. Pharm., 48, 147-154 (1876). 

3. Christensen, B. V., and McLean, A, C.: The Bioassay of Veratrum 
Viride. J. Am. Ph. Assoc., 25, 414 (1936). 

4. Houghton, E. M., and Hamilton, H. C.: Bioassay of Veratrum Prepara- 
tions. Thera. Gazette, 1 (1905) ; see Rowe (15). 

5. Maisch, J. M.: Letter to Dragendorff. Am. J. Pharm., 47, 450 (1875). 

6. Mitchell, C. L.: The Active Principles of the Official Veratrums. Proc. 
J. Am. Pharm. Assoc., 22, 402-415 (1874). 

7. Pelletier and Caventou: Analyse de la racine d’ellebore blanc (Veratrum 
album). Ann. chim. phys., 14, 81 (1819). 
8. Percy, S. R.: Quoted in Wormley (32). 


: 
103 
4 


104 VERATRUM VIRIDE AND V. ALBUM 


g. Peugnet, E.: Chemistry, Physiology, Therapeutical and Toxical Actions 
of Veratrum album, Veratrum viride and their Alkaloids. Med. Rec., 7, 121-123, 
134 (1872). 

10. Pilcher, J. D.: Bioassay of Veratrum Viride. Am. J. Physiol., 44, 12 
(1917). 

11. Pittenger, P. S.: Standardization of Veratrum. Proc. Penna. Ph. 
Assoc. (1923). 

12. Poethke, W.: Die Alkaloide von Veratrum album. Arch. d. Pharm. u. 
Ber. d. d, Pharms. Ges., 47, 357-379 (1937); 48 (1938). 

(8 S Richardson, J. C.: On Veratrum viride. Am. J. Pharm., 29, 204-209 
1857). 

14. Robbins, C. A.: A prize essay quoted in Am. J. Pharm., 49, 517 (1877). 

15. Rowe, L. W.: Bioassay of Veratrum Preparations. J. Am. Ph. Assoc., 
14, 24-25 (1925). 

16. Saito, Suginome and Takoaka: Bull. Chem. Soc. Japan, 9, 15 (1934). 

17. Salzberger, G.: Uber die Alkaloide der weissen Nieswurz (Veratrum 
album). Inaugural Dissertation, Erlangen, 1890, pp. 5-36. 

18. Scattergood, G. J.: On the Active Principles of Veratrum viride. Proc. 
Am. Ph. Assoc., 10, 222-226 (1862). 

19. Simon, E.: Das Jervin, eine neue Pflanzenbase. Ann. Phys. Chem., 41, 
569-571 (1837). 

20. Swanson, E. E., and Hargreaves, C. C.: Standardization and Stabiliza- 
tion of Nux Vomica, Gelsemium and Veratrum and the Hydrogen-ion Con- 
centration Factor. IV. J. Am. Ph. Assoc., 17, 23-27 (1928). 

21. Tobien, A.: Beitrage zur Kenntniss der Veratrum-Alkaloide. Inaugural 
Dissertation, Dorpat, 1877, p. 3. 

22. Viehoever, A.: Daphnia Propagation for Experimental Use. Am. J. 
Pharm., 107 (No. 3), March, 1935. 

23. Viehoever, A., and Cohen, I.: Mechanism of Strychnine Action. I. 
Physiological Evaluation. Am. J. Pharm., 109, 285-316 (1937). 

24. Viehoever, A., and Cohen, I.: Mechanism of Action of Aphrodisiacs and 
Other Irritant Drugs. Am. J. Pharm., 110 (No. 6), June, 1938. 

25. Viehoever, A., and Cohen, I.: The Responses of Daphnia Magna to Vita- 
min E. Am. J. Pharm. 110 (No. 7), July, 1938. 

26. Viehoever, A., and Cohen, I.: The Comparative Physiological Action of 
Benzedrine (Amphetamine) and Derivatives on Daphnia Magna. Am. J. 
Pharm., 110 (No. 12); December, 1938. 

27. Viehoever, A., and Clevenger, J. F.: Domestic and Imported Veratrum 
(Hellebore), Veratrum viride Ait., Veratrum californicum Duran, and Veratrum 
album L. J. Am. Ph. Assoc., 9, 166-174 (1922). 

28. Weigend, A.: Versuche mit Radix Veratri albi. Pharm. Central Blatt, 
I (No. 20), 309-312 (1842). 

20. Weppen, H.: Beitrage zur chem. Kenntniss der Rhizoma Veratri albi. 
Arch. d. Pharm., 2, 101-124 (1873). 

30. Will, H.: Zusammensetzung der Chelidonin’s und Jervin’s. Ann. d. 
Chemie, i 116 (1840). 

31. Wood, G. B.: See Wormley (32). 

32. Wormley, T. G.: The Alkaloids of Veratrum viride and album, etc. Am. 
J. Pharm., 48, 1-10 (1876). 

Ge 3 Worthington, H. W.: On Veratrum viride, etc. Am. J. Pharm., 10, 80-97 
1838). 

34. Wright, C. R. A., and Luff, A. P.: The Alkaloids of the Veratrums II. 
J. Chem. Soc., 25. 405-420 (1879). 

35. Wright, C. R. A.: The Alkaloids of the Veratrums III. The Alkaloids 
of Veratrum viride. J. Chem. Soc., 35, 421-426 (1879). 


| 
| 
4 
| 
1 
é 
H 
¢ 


CHEMICAL COMPOSITION OF RAYLESS GOLDENROD 105 


THE CHEMICAL COMPOSITION OF RAYLESS GOLDENROD 
(APLOPAPPUS HARTWEGI) 


By T. F. Buehrer, C. M. Mason and J. A. Crowder 
University of Arizona 


HE extensive distribution of rayless goldenrod (Aplopappus 

hartwegi (Gray) Blake), colloquially known as “burroweed,” and 
its rapid encroachment upon the grass ranges of the Southwestern 
United States, has become a problem of serious concern to producers 
of live stock, not only because of the reduction in grazing capacity of 
the range, but also because the weed is toxic to range animals. A 
recent report (15) of the extent of its distribution in southern Arizona 
estimates an abundance ranging from 500 plants per acre to an ex- 
treme stand of 1500 plants per acre on a total acreage of over 5,000,- 


000 acres. 
Considerable interest is being manifested in the burroweed prob- 
lem at the present time. The Southwestern Forest and Range Ex- 
periment Station is making ecological studies; physiological studies 
are being made by the Botany Department of the University, and soil 


Figure 1. Typical specimen of Aplopappus hartwegi. 


We: 


106 CHEMICAL COMPOSITION OF RAYLESS GOLDENROD 


correlation studies by the Department of Agricultural Chemistry and 
Soils. 

With the exception of a study by Couch (7) who isolated from 
this plant the chemical constituent “tremetol’” which is responsible 
for “trembles” or milk-sickness in range live stock, no chemical study 
of the plant appears to have been made. It seemed of considerable 
interest, therefore, to analyze the plant to ascertain whether it might 
contain constituents of value to industry, pharmacy or medicine and 
thus possibly to encourage its utilization and eventual eradication. 


The Plant 
The species used for this study, known as Aplopappus hartwegi 
(Gray) Blake, is dominant in southern Arizona and has been de- 
scribed in detail by Hall (10). Figure 1 gives a close-up view of the 
plant, and Figure 2, the density of its stand in some of the heavily 
infested areas. 


Analytical Procedure 


The plants were separated as far as possible into foliage, stems 
and roots, dried, and reduced to fine powder in the ball mill. Since 
the drying operation results in a partial loss of the essential oils, this 


Figure 2. Typical view of heavily infested area. 
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constituent was determined on samples of the fresh material. The 
determinations were made according to the standard methods usually 
employed in plant analysis. (1), (2), (9), (14), (17). A fractiona- 
tion of the plant was made by successive extraction of 25-gram por- 
tions with various solvents as shown in Table I. 


Tasie I. Successive ExTRACTION OF RAYLESS GOLDENROD 


(Percentages on the dry basis) 
Solvent Leaves Stems Roots 


Benzene 3.16 
Ethyl Alcohol (85%) . , 3.48 
Coid distd. Water . " 7.60 
2N H2eSO4 7.40 
2N NaOH 19.98 
Residue . J 58.45 


100.07 


The general composition of the plant as indicated by this frac- 
tionation is similar to that of many other classes of plants, but the 
composition of the leaves, especially as shown by the benzene extract 
seems particularly significant. This extract indicated an unusually 
large content of resins. When the latter resinous residue was purified 
and dried, it was found to be present in the following amounts: 
' Leaves, 24.9 per cent.; stems, 4.77 per cent. and roots, 1.25 per cent. 
A composite of the entire plant yielded 7.92 per cent. of resinous con- 
stituents. These resins form, on evaporation of the solvent, a smooth, 
tough, waterproof film. 


Essential Oils 


It was found that simple steam distillation without prior chemical 
treatment of the foliage yielded negligible amounts of volatile essen- 
tial oils. When steam distilled after treatment with 5 per cent. NaOH 
solution, a light oil of sweet, pungent odor was obtained in the re- 
ceiver surrounded by an ice bath. To identify this oil, an analysis 
was made by combustion, and various physical constants such as 
boiling-point, density, refractive index, and optical rotation, were 
determined. For this purpose the oil was first purified by washing 
with sulfuric acid solution and water, dried over fused calcium chloride 
and double-distilled in vacuo. Two successive fractions so obtained 
yielded the following results: 


101.06 100.00 
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TABLE II. Properties OF THE EssENTIAL O1L FRACTIONS 
Fraction I Fraction 2 
Analysis by Combustion : 
% Carbon 87.6 88.2 
% Hydrogen 13.3 12.1 
100.9 100.3 
Physical Constants : 
Boiling point (26 mm.) 72°C. © 85° C. 
Density (25° C.) 0.7991 0.8056 
Refractive Index 1,670 1.663 
Optical Rotation (30° C.) —o.40° —0.55° 


These data show that while the two fractions are quite similar, 
they are not identical. It is obviously a mixture of a number of con- 
stituents. Since their percentages of carbon and hydrogen total close 
to 100 per cent., the oil evidently does not contain oxygen or other 
elements, and judged by the physical properties apparently belongs 
to the menthene group of the terpenes. Fraction 1 corresponds closely 
to the formula and Fraction 2 to 

The amount of bromine absorbed by this oil is 1.249 gram Br 
per gram of oil. On the basis of an oil of formula Cy9Hjs, if it had 
one double bond in the molecule, a molecular weight of it or 138 
grams, would absorb 160 grams of bromine; in other words, 1.159 
gram Br per gram of oil. It thus appears to have a high degree of 
unsaturation. 

The chemical literature contains reports of essential oils obtained 
from similar plants. Aplopappus discoideus (8) upon distillation 
yields a volatile oil known in the arts as “Damiana leaf oil.” Pyre- 
thrum and chrysanthemum yield similar essential oils useful as in- 
secticides. (16) 

Alkaloids 


The toxic nature of rayless goldenrod suggested the presence of 
alkaloids. An extraction was accordingly made of a composite sample 
after decomposition with concentrated sodium hydroxide solution in 
the cold, using chloroform as solvent. After vigorous shaking in the 
separatory funnel, the extract was washed with water and then shaken 
vigorously with 6N hydrochloric acid. The latter extract was evapo- 
rated to dryness and yielded a mass of white crystals consisting of 
needles, cubes and plates. These crystals gave positive tests without 
exception with the usual reagents and tests for alkaloids. A further 


tt 
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separation and isolation of the alkaloid constituents of the mixture 
was not made. However, a Kjeldahl determination of nitrogen in 
these crystals gave a value of 4.31 per cent. which is of the order 
of magnitude of nitrogen content in a large number of the plant 
alkaloids. 

Rubber 


Some work has been done on the rubber content of desert plants 
by Hall and Goodspeed (11) and Hall and Long (12). There are 
two groups of desert plants which contain rubber. In one group 
called the “latex” plants, the rubber is dispersed in globules in small 
ramifying capillaries and of which the dandelions and milkweeds are 
examples. In the second class rubber is found uniformly distributed 
throughout the plant tissues and of these the Aplopappus and guayule 
are examples. 

The determination was made according to the method of Good- 
speed and Hall (11); namely, an initial extraction with acetone to 
remove resins, fats, essential oils and pigments; then with benzene 
which dissolves out the rubber constituents. The results were as 
follows: Leaves,. 2.48 per cent.; stems, 1.88 per cent.; roots, 0.10 per 


cent.; composite of entire plant, 1.56 per cent. These percentages 
are consistent with those of Hall and Long (12), who found amounts 
ranging from 0.3 to 3.0 per cent. 


Other Constituents 


A summary of the determinations made on the important groups 
of organic and inorganic constituents is given in Table III. 


Taste III. Summary oF ANALYTICAL DaTA ON Ray Less GOLDENROD 
(Percentages on dry weight basis) 


Composite of 
Constituent Leaves Stems Roots entire plant 


Resins - 24.90 4.77 1.25 7.92 
Essential Oils — — 1.24 
Rubber 2.48 x 0.10 1.56 
Total nitrogen 1.72 0.87 
Total protein (calc.) 10.75 ‘ 5.44 6.04 
Pentosans 7.08 15.51 13.48 
Reducing sugars Y 1.25 0.52 
Saponifiable oils (as olein) , 1.86 6.86 
Starch 204 . 323 
Crude Fiber . 52.50 37.74 
Ash 5.05 8.19 
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Analysis of Ash 


Acid Insoluble 51.63 31.36 38.90 
Fe203 2.45 4.01 4:77 
2.59 1.88 4.23 
CaO 9.53 11.84 13.40 
MgO 1.92 4-73 3.15 
MnO 0.22 0.21 0.51 
NazO plus K20 3.05 3.05 2.04 
SOs 8.13 8.45 8.37 
P2O5 1.63 2.35 2.06 
Cl 0.89 0.26 2.20 


Pyridine 

The presence of an unusual constituent was observed in the 
course of the steam distillation of the essential oils. A readily volatile 
constituent distilled over with the oil and was characterized by a dis- 
agreeable and pungent odor resembling that of pyridine. Its water 
solution was distinctly alkaline. Titration with standard acid indi- 
cated the presence of a base, assumed to be pyridine, to an extent of 
2.04 per cent. on the basis of the dry plant. Very characteristic 
crystals were obtained by evaporation of the neutralized distillate. 
Both microscopic and chemical tests definitely indicated the presence 
of pyridine. 

As far as the authors have been able to ascertain, pyridine as 
such or in the form of salts has not been reported to have been found 
in living plants. It is one of the products in the destructive distilla- 
tion of coal or bone at high temperatures. None of the ordinary plant 
proteins, nor the alkaloids, decompose to form pyridine when steam 
distilled from strongly alkaline solution. 


Summary 


1. A chemical study of Aplopappus hartwegi (Gray) Blake has 
been made, including a successive extraction and proximate deter- 
mination of the resins, essential oils, alkaloids, rubber content, ane 
other ordinary plant constituents. 

2. It was found that the plant contains an unusually high per- 
centage of resins, the highest namely’25 per cent. being found in the 
leaves, and approximately 8 per cent. in a composite of the entire 
plant. 

3. The essential oils, present to an extent of 1.24 per cent. in 
the entire plant, were found to conform to the empirical formula: 
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CioHig and to have the properties of the menthene group of the 
terpene series. 

4. The chloroform extract from material digested with concen- 
trated sodium hydroxide yielded hydrochlorides which reacted as 
typical alkaloids toward the usual reagents. The crystals obtained on 
evaporation were found to contain 4.31 per cent. nitrogen, which 
partially confirms the qualitative tests. 

5. An unusual discovery was made that pyridine is evolved when 
the plant material is steam distilled from strongly alkaline solution. 
Microscopic and chemical tests confirm the presence of pyridine in 
the distillate. Quantitative analysis indicated 2.04 per cent. pyridine 
on the dry plant basis. 
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Introduction 


LL of the officially recognized formulas and assay methods of the 
A pharmaceutical industry are contained in two compilations, the 
United States Pharmacopceia and the National Formulary. The for- 
mulas and assay methods thus listed have been adopted as the best 
available on the basis of long and extensive tests. It is consequently 
of interest to note that many of the assay methods listed involve the 
use of physical principles. But it is only comparatively recently that 
the possible pharmaceutical applications inherent in the science of 
physics have begun to be seriously explored. Many of the most fruit- 
ful of these applications have been made in the field of optics, where it 
has been found possible in many cases to make quantitative analyses 
and assays more accurately and rapidly than by chemical and bio- 
logical methods. 


Spectroscopy 

The use of spectroscopy as a tool for quantitative chemical analy- 
sis has long been known. With the development of modern techniques 
spectroscopic methods have afforded unique advantages for certain 
types of analyses, although these assay methods are still too new to be 
officially recognized by the Pharmacopceia. The use of emission 
spectra for the detection of small metallic impurities is rapidly gaining 
in popularity. The high sensitivity of emission spectral methods of 
analysis, the speed of working, the extremely small quantity of sub- 
stance required, and the ability to simultaneously analyze for many 
metals all contribute to the efficacy of this type of analytical method. 
The lowest limit for detecting and measuring many substances is less 
than one part per million, and—depending on the type of analysis—the 
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time required per analysis may vary from fifteen to sixty-man minutes. 
Typical examples of this type of analysis are found in the analysis of 
sodium bromide for concentrations of potassium ranging from 0.05 per 
cent. to 2 per cent., and the analysis of potassium bromide for con- 
centrations of sodium ranging from 0.01 per cent. to 2 per cent.(1) 

The usefulness of absorption spectra as an analytical tool has 
also become widely recognized. Many substances which otherwise 
could be assayed only by biological methods or very complex chemical 
analyses are readily identified and measured by means of their absorp- 
tion spectrum. A good illustration of such a procedure is found in 
the determination of the vitamin A potencies of fish liver oils. The 
existence of a relation between the vitamin A potencies of fish liver 
oils and their ultraviolet absorption spectrum has been known for 
some time.(2) Comparisons of physical tests and the biological activ- 
ity of these oils have led to the establishment of a relationship between 
the 328.0 Mu absorption band and the vitamin A content. The ultra- 
violet absorption curve of vitamin A is shown in Fig. 1.(3) 


Absorption in Arbitrary Units 
— 


200 300 400 
Wave-Length in Muy 


Fig. 1.—Ultraviolet absorption curve of vitamin A. 


On the basis of this relationship various physical instruments 
have been developed for measuring vitamin A concentrations. (4-7) 
All these instruments measure quantitatively the absorption of light 
in the 328.0 Mu region by oils containing vitamin A. A schematic dia- 
gram of one such instrument—which has been in commercial operation 
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for eighteen months—is shown in Fig. 2.(6). With this instrument 
it has been found possible to obtain a measurement of the vitamin A 
potency of a properly diluted oil to 1 per cent. accuracy in less than 
two minutes, exclusive of the time required for diluting the oil. The 
potency of vitamin A containing materials varies enormously, and it 
is a tribute to the efficacy of modern spectroscopic technique that a 
satisfactory degree of accuracy can be obtained not only with concen- 
trates—ranging from 20-100 per cent. vitamin A—but also for butters 
containing as little as perhaps 0.0004 per cent. of vitamin A. Absorp- 
tion spectral methods for assaying some of the other vitamins are 
known, and it is undoubtedly just a matter of time before some of 
these methods will be officially described in the Pharmacopceia. 


Fluorescence 

In the routine examination of drugs for control purposes there is 
often a need for a quick method of detecting the presence of impuri- 
ties. One excellent tool for this purpose is a properly constructed 
fluorescent lamp. With such a lamp, for example, it is possible to 
show very easily the presence of petrolatum in other fats, beeswax in 
carnauba wax, and mineral oil in other oils. 

Not only does the fluorescent lamp provide a ready means for 
differentiating between certain drugs, but it also serves as a quick 
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Fic. 2.—Diagram of photoelectric vitamin A photometer. 


116 PHYSICS IN PHARMACY 


method of qualitative analysis. To illustrate, ergot fluoresces blue, 
digitallin a weak yellowish-green, and strophanthin a bright blue. 
Hydrastine sulphate shows no fluorescence when first prepared, but 
slowly develops a fluorescence on standing in the cold. In many cases 
spectrophotometric curves of drug fluorescence have been plotted, 
and can be used for quantitative analysis. 

The photoelectric fluorometer has recently been adapted to the 
measurement of aneurin—vitamin B,.(8) This method depends on 
the quantitative oxidation of vitamin B,; by potassium ferricyanide 
with the consequent formation of fluorescent thiochrome. Results are 
obtained which are in fair agreement with those from the animal 
experimentation method. 

Fluorescence also affords a very rapid means of checking on the 
stability of certain drugs, particularly when these drugs pass through 
a somewhat complicated manufacturing process. By observing the 
change in the color of fluorescence of these drugs at various stages of 
the manufacturing process it is possible to tell whether the drug is 
present in its original form, or whether it has partially or completely 
broken down. To illustrate, aspirin—acetyl salicylic acid—shows 
little or no fluorescence in its pure form, but one of its decomposition 
products, salicylic acid, fluoresces a strong bluish-white. When 
aspirin is mixed with effervescent salts as is done in preparing some 
pharmaceutical products, it shows a definite tendency to decompose if 
appreciable amounts of moisture are present. A simple, routine check 
of the finished product under the fluorescent lamp provides an excel- 
lent test for the presence of salicylic acid, and consequently for the 
state of the aspirin incorporated in the product. 


Colorimetry 

The colorimetric tests that are officially recognized at present by 
the Pharmacopceia consist of the visual comparison of the colors of 
pharmacopeeial drugs or pharmacopceial tests with the colors of stand- 
ard colorimetric solutions. Examples of such standard solutions are 
cobaltous chloride solution, ferric chloride solution and cupric sulfate 
solution, and are prepared in accordance with a definitely specified 
procedure. In making comparisons the Pharmacopceia states that the 
several containers shall be of clear colorless glass which must be alike 
in cross section, and that the comparison of colors must be made of 
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layers of equal thickness viewing them transversely against a back- 
ground of white porcelain or glass. 

It is possible to assay vitamin A with some accuracy by means 
of a colorimetric method. When vitamin A-containing oils are treated 
with the reagent of Carr and Price (9)—a saturated solution of anti- 
mony trichloride in pure, alcohol-free chloroform—a blue color is 
produced. When this color is examined by means of a visual spectro- 
scope it is seen to result largely from a sharp absorption band with 
its maximum near 6200A. The intensity of the blue color produced 
is used as a measure of the vitamin A concentration. ; 

A further extension of the antimony trichloride colorimetric 
method to vitamin D has been worked out by Heggie and Milas.(10) 
Oils containing both vitamins A and D are treated with antimony 
trichloride, and the resulting absorption properties are analyzed with 
a Hardy color analyzer. Two absorption peaks—whose intensity does 
not remain constant with time—are found, one due to vitamin A and 
the other due to vitamin D. Since it has heretofore been impracticable 
to assay vitamin D by means of its absorption spectrum, the antimony 
trichloride colorimetric absorption offers considerable promise as a 
future practical assay method. 

The rapidly increasing number of commercially available color- 
imeters and color analyzers is indicative of the rapidly growing impor- 
tance of this kind of analytical technique. 


Polarization 


Among the materials recognized in the Pharmacopceia there are 
a number, particularly certain essential and volatile oils and related 
bodies, for which the determination of optical activity is of great 
importance. Since the property of optical activity is inherently related 
to the chemical structure of the substance possessing this property, 
information regarding the amount and character of its optical activity 
may serve to determine its concentration or purity in a solution where 
the other components are optically inactive. In some cases the proof 
of optical inactivity is also very significant. 

Both the polarizing microscope and the poraliscope are exten- 
sively used in this connection. The polarizing microscope is most fre- 
quently used for testing solid substances whereas the polariscope is 
primarily adapted for liquids. Because of its ability to accurately 
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determine the various indices of refraction associated with crystals, 
the polarizing microscope affords an excellent means of crystal iden- 
tification. This identification can be carried out even though the 
crystals are available only in small fragments or in minute quantities. 
In addition, the polarizing microscope can be used to detect impurities 
and to study surface phenomena in various suspensions. This latter 
application is of importance in the study of colloidal suspensions after 
passing through the homogenizer. For example, various ointments 
can be examined to make certain that the oil globules have been 
broken down to the proper size and uniformity. Both the polarizing 
microscope and the polariscope afford quick and accurate means of 
processing control. 
Index of Refraction 


Indices of refraction are readily determined by means of a polar- 
izing microscope or a refractometer. As mentioned above, the polar- 
izing microscope is applicable to the measurement of solids, while the 
refractometer is generally employed for examining liquids. Several 
types of refractometers which permit rapid and accurate determina- 
tion of the indices of refraction are available. For making observa- 
tions over the entire range of refractive indices of phamacopceial 
materials the Abbe and Zeiss immersion refractometers are the ones 
generally employed. A knowledge of the index of refraction is impor- 
tant, for example, in judging the purity of flavoring oils and deter- 
mining the sugar content of syrups. 


Photoelectricity 

With the increasing application of optical principles to the prob- 
lems of pharmaceutical analysis it is natural that photoelectric devices 
should frequently be employed to measure the light intensities by 
means of which many pharmaceuticals are analyzed. The application 
of photoelectric technique to the measurement of the vitamin A con- 
tent of fish liver oils has been mentioned earlier. It is but a matter 
of time before photoelectric instruments will be used to assay other 
vitamins as well. These instruments are not only supplanting and 
replacing many of the older methods, but are also opening new fields 
of research. 

Color comparators and analyzers which are based on photo- 
electric methods of light intensity measurement are finding many use- 


PHYSICS IN PHARMACY 


ful applications. The reason for the growing popularity of photo- 
electric color-measuring equipment lies in the rapidity of making 
observations, the absence of eye fatigue, the elimination of the neces- 
sity for a trained observer, the full intensity at the end regions of the 
spectrum, and the high accuracy of the observations. Among the 
useful pharmaceutical applications are the colorimetric determinations 
of hydrogen ion concentrations, fluorescence measurements, micro- 
analyses, and complex organic and biological assays. The ready 
adaptability of the photoelectric color comparators to opacity and 
turbidity measurements increases their usefulness to the pharma- 
ceutical chemist. 


(a) (b). 


Fic. 3.—(a) Section of collapsible tin tube showing corrosion by untreated milk 
of magnesia. (b) Section of collapsible tin tube showing absence of corrosion 
by milk of magnesia containing Yo citric acid. 


Miscellaneous Electrical Applications 


One of the most useful quantities with which the modern phar- 
maceutical chemist has to deal is hydrogen ion concentration or pH, 
as its negative logarithm is called. By measuring the pH of a solu- 
tion accurately it is possible to describe quantitatively the acidity or 
alkalinity of the solutiori. The latest edition of the Pharmacopceia, 
known as U.S.P. XI, contains several preparations that require pH 
control. Milk of magnesia furnishes a good illustration of one of 
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these preparations.(11) If left standing in a glass bottle for several 
months it shows a definite tendency to increase in alkalinity, which 
increase is accompanied by the development of an unpleasant taste. 
The addition of a very small amount of citric acid prevents the alka- 
linity from increasing, and consequently the U.S.P. XI provides for 
the addition to milk of magnesia of amounts of U.S.P. citric acid up 
tc 0.1 per cent. 

The Pharmacopceia provides for the determination of the pH of 
solutions by means of indicator solutions, a method which is accurate 
to about 0.2 pH. With properly designed vacuum tube voltmeters 
pH measurements are easily and rapidly carried out to 0.01 pH. One 
method of doing this is based on the fact that when glass electrodes 
are immersed in liquids of various degrees of acidity and alkalinity 
different potentials are developed at the surface of the electrodes. 
These potentials correspond to definite hydrogen ion concentrations, 
and are rapidly measured with appropriate vacuum tube voltmeters. 

By accurately determining the dielectric constant of various mate- 
rials it is possible to gain useful information for the pharmaceutical 
chemist. For example, in the manufacture of effervescent tablets it 
is very important that the moisture content of the tablet be kept very 
low. Since the dielectric constant of such a tablet varies sharply with 
its moisture content -the capacity bridge affords an excellent method 
for the routine measurement of the moisture content of such tablets. 
The capacity bridge is especially well adapted for such measurements 
since the tablets are apt to vary slightly in thickness as they come off 
the punching machine. 

In addition, dielectric constant measurements can be used as sen- 
sitive means of detecting the presence of small concentrations of cer- 
tain impurities. The close relation between dipole moment and the 
structure of organic compounds is being extensively studied, and 
offers considerable promise as a future method for pharmaceutical 
control. 

It is often necessary to measure the viscosity of many heavy and 
opaque viscous liquids, such, for example, as milk of magnesia. The 
vacuum tube amplifier makes possible one very simple method of 
checking the viscosity of such liquids.(12) A quantity of the liquid 
to be tested is placed in an inclined glass tube which is inserted be- 
tween two spaced coils in the grid circuit of a vacuum tube. A heavy 
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steel ball is then rolled through the liquid in the glass tube, and when 
this ball passes through the two coils it produces impulses in the plate 
circuit that are readily detected. The time required for the ball to 
roll the distance in the tube between the two coils at a given angle and 
temperature is a measure of the viscosity of the liquid. 


X-rays 

The use of X-rays as a tool for both qualitative and quantitative 
chemical analysis offers the pharmaceutical chemist certain advan- 
tages. In many cases it is possible to identify and quantitatively 
measure unknown compounds without destroying the sample in any 
way. In particular, X-ray powder diffraction patterns supply infor- 
mation desired by the pharmaceutical chemist. It is often important 
to know whether a mixture is homogeneous or heterogeneous, and 
what the grain size of the components of the mixture are. For 
example, X-ray powder diffraction photographs afford a sensitive test 
for particle size and homogeneity of dispersion of aspirin when mixed 
in a glucose-sucrose base. 


Miscellaneous Applications 

In the manufacture of many pharmaceutical products humidity 
control is of great importance. This is particularly true in the case 
of some effervescent salt preparations, which are not only hygroscopic 
but decompose as the result of the catalytic action of any moisture 
which they may pick up. These preparations must be manufactured 
under a relative humidity not exceeding 30 per cent., and must be so 
packaged that they will not pick up enough moisture to start decom- 
position until they are used. This means that the containers must 
have an air-tight seal, or else the air flow into and out of the con- 
tainers as a result of barometric pressure changes would pump suffi- 
cient water vapor into the containers to start decomposition. But, on 
the other hand, the seal must be capable of permitting gases under 
high pressure to escape from the container since, if decomposition 
commences, large amounts of gas are generated and the container 
might otherwise burst. 

The optical properties of the containers are at times of consider- 
able importance. Many pharmaceuticals lose their potency on con- ° 
tinued exposure to daylight, and consequently must be packaged in 
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dark containers. Cod-liver oil, for example, if allowed to stand ex- 
posed to daylight for a few hours shows a marked decrease in its 
vitamin A potency. 

Cod-liver oil also furnishes an example of the successful appli- 
cation of modern high vacuum technique to the concentration of vita- 
min A.(13) By the molecular distillation of cod-liver oil under very 
high vacuum Hickman has succeeded in producing a tasteless cod- 
liver oil and also a high concentrate of vitamin A, both on a commer- 
cial scale. An-integral part of this development has been the design 
and construction of very efficient molecular diffusion pumps. 


Conclusions 

- The principal purpose of this article has been to describe briefly 
some of the applications of physical principles to pharmaceutical prob- 
lems that are now in actual use. The possibilities for further applica- 
tions in the future are large, and such applications should be made 
rapidly. Spectroscopy—from ultraviolet to infra-red—vacuum tube 
techniques, possibly some of the methods of nuclear physics—such as 
marked radioactive atoms—as well as other fields of physics all ap- 
pear to offer excellent possibilities for future application to the prob- 
lems of the pharmaceutical chemist. It is probably only a matter of 
time before many of these methods will be so universally adopted as 
to be officially recognized by.. ssiidicisidaiias into the United States 


Pharmacopceia. 
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ABSTRACTS FROM AND REVIEWS OF 
THE LITERATURE OF THE SCIENCES 


SUPPORTING PUBLIC HEALTH 


Bacteriology .. . . Louis Gershenfeld, B. Sc., Ph M. 


Pharmacy ... . . .«  E. Fullerton Cook, Ph. M. 
and their assistants 


The Sterilization of Thermolabile Substances in the Presence 
of Bactericides. H. Berry; E. Jensen and F. K. Siller. Quart. J. 
Pharm & Pharmacol. 11, 729 (1939). When a medicament is per- 
fectly thermostable in aqueous solution, no difficulty is experienced in 
sterilizing the latter, for experience has shown that treatment in an 
autoclave at 115 degrees C. for thirty minutes will kill the most re- 
sistant spore forms even though present in large numbers. When, 
however, such solutions will not withstand this treatment, the problem 


becomes difficult and one usually relies on either filtration or Tyndall- 


ization. The process of filtration is undoubtedly effective and causes 
no’ decomposition if one excludes adsorption effects. It is, however, 
a process requiring considerable skill and the product should be tested 
afterward for sterility. The process of Tyndallization cannot be used 
in an.emergency and, moreover, much evidence has accumulated in 
recent years that it is an unreliable process when spores are present. 
If, furthermore, a particular medicament in aqueous solution cannot 
withstand autoclaving, care must be taken that the time-temperature 
combination of Tyndallization is not equally as destructive. 

It has been found that heating at 100 degrees C. for thirty min- 
utes causes less destruction of most thermolabile substances than 80 
degrees C. for one hour on three successive days. If then heating at 
100 degrees C. for thirty minutes could be made bactericidally effective 
it would be a method to be preferred as it is so simple to carry out, no 
thermostatic control being necessary. If, however, the medicament 
itself has no bactericidal action, water alone is not effective at 100 
degrees C. for thirty minutes against some spores and it is necessary 
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to find a bactericide which will function efficiently under these con- 
ditions. The bactericide chosen for general use must 


(a) be non-toxic; 

(b) not react with the medicament ; 

(c) be stable and bactericidal over a reasonable range of pH ; 
(d) be stable during storage and during the heating process. 


The authors studied a few bactericides which seemed to offer 
promise in this direction. The test organism employed was a strain 
of B. subtilis that required four hours boiling at 100 degrees C. to 
destroy it. In testing various antiseptics their action on B. subtilis 
was determined when heated in aqueous solution at 100 degrees for 
thirty minutes. The results were as follows: 


Hexylresorcinol 

This proved to be valueless as it decomposed in aqueous solution, 
the rate increasing with rise in temperature. A 1-2000 solution failed 
to kill after two hours at 98 degrees C. 


Phenylmercuric Nitrate 

The low concentration of this substance necessary for effective 
action (0.001 per cent.) seems to be quite impressive. It is non- 
reactive towards most chemicals. It does not give a reaction for the 
Hg ion. It is quite stable towards heat and light. Autoclaving for 
five hours and exposure in a window for eight minutes did not alter 
its bactericidal power. It is both stable and active over the full range 
of pH. Such evidence as does exist of its toxicity indicates a very low 
value. 


Parachlormetacresol 

This appeared to be quite suitable for use in parenteral injections 
(0.25 per cent.) being quite stable to heat and towards light. Solu- 
tions were unchanged in bactericidal power after autoclaving for five 
hours and after storage in the light and dark for eight months. No 
evidence of incompatibility with medicaments has so far been obtained. 
Little evidence is available of exact measurements of its toxicity, and 
before adoption for use, toxicity tests must be performed. 

In interpreting the results of toxicity tests on these two sub- 
stances, whatever results are obtained, it should be borne in mind that 
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their use could be restricted to those injections which are given in 


small intermittent doses and that medicaments such as insulin and 
liver extract for injection which may be given in repeated doses are 
too unstable to be subjected to any heating process for sterilization. 
Furthermore, the usual type of perfusion fluid which may be given in 
large volume doses can be sterilized by autoclaving. 


L. F. T. 


Regulation of Calcium Level During Pregnancy. Bodansky 
and Duff. J. A. M. A. 112, 3, 223 (1939). Within certain limits the 

depression of calcium in the serum observed in late pregnancy may be 

considered a normal condition, conducive perhaps to a greater economy 

of utilization of calcium derived from food and maternal body reserves. 

Severe hypocalcemia may result in marked parathyroid or nutritional 

deficiency either of which will give rise to abnormalities of the fetus. 

During pregnancy there is a rise in total protein conterit of the blood 

and a rise in the volume of blood and blood plasma itself. Both of - 
these effects are accompanied by a change in calcium level which seems 

to show some origin in these changes. In the absence of parathyroid 

disorders the protein changes do accompany calcium changes, but in 

diseased conditions of this gland there is a change in Ca++ content. 

The importance of parathyroid in maintaining a constant calcium level 

in the plasma has been related to a direct action of the hormone on the 

bone cells stimulating the release of calcium. As a result of this in- 

creased activity enlargement of the gland occurs. . 

The intake of calcium salts during gestation may be greatly in- 
creased, but the value of this treatment is questionable. The calcium 
reserve of the body previous to pregnancy is the essential factor since 
the necessary calcium is taken from bone. There is much evidence 
compiled to show that for a considerable range of calcium intake there 
is little effect on the calcium level of the blood. 

Use of other hormones has given negative or doubtful results and 
seems to be of little value. Other influential factors to a slight degree 
are seasonal changes and nutritional habits. 

The only method of value in regulation of the calcium level is one 
which is dependent upon a maintenance of parathyroid function and 
its content in the blood. W. K. 
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Significance of the Zinc Content of Commercial Samples of 
Insulin. E. H. Vogelenzang and L. A. Hulst. Pharm. Weekblad 
75, 1390 (1938) through Analyst 64, 129 (1939). The authors cor- 
relate the results of several investigators on the effect of zinc in insu- 
lin. Its presence or the presence of some allied metal (e. g. cadmium) 
in order to obtain insulin in a crystalline state and the rate of thera- 
peutic action of such crystalline preparations is slower than that of 
amorphous insulin having a very low metal content. This difference 
has been ascribed to a change in the molecular structure by one worker 
and to a specific inhibiting effect by another. Similar results are 
obtained when protamine insulin is compared with protamine zinc 
insulin. 

The present authors determined the zinc content of various sam- 
ples of insulin and compared the clinical results obtained with each. 
Since insulin which has been crystallized with the aid of added zinc 
contains only 2 mg. of zinc per 1000 units, it is evident that untreated 
insulin which was found to contain from 0.005 mg.-2.04 mg. zinc per 
1000 units might easily have appreciable clinical effects insofar as the 
period which might elapse between the administration of the insulin 
and the blood sugar response is concerned. A plea is made for the 
standardization of commercial insulin from the point of zinc content. 

L. F. T. 


Alcoholic Intoxication and Pneumococcic Infection. An 
Editorial, J. A. M. A., 112, 240 (1939). Clinicians have observed for 
many years that alcoholic intoxication is a predisposing cause of pneu- 
monia and that the death rate of pneumonia in alcoholic addicts is 
definitely higher than the mortality of abstainers from alcohol. 

Kock, Abbott and Laitinen showed that alcoholic intoxication 
lowers the resistance of rabbits and other animals to cholera, strepto- 
coccus pyogenes and anthrax respectively. 

Pickrell and Rich carried out an extensive series of experiments 
in an attempt to discover the mechanism or give a satisfactory explana- 
tion for the effect apparently brought about by alcoholic intoxication. 

Their results are as follows: 


(1) Immunized, infected, non-intoxicated rabbits survived the 
infection, while the intoxicated rabbits succumbed. 
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(2) Non-immunized, non-intoxicated, infected rabbits all died 
and developed at the site of injection a macroscopic lesion; they 
showed a dense leukocytic infiltration at the site of injection ; however, 
no bacteria could be found after nine hours. In the intoxicated rabbits 
the macroscopic lesion did not develop, while the site of injection 
showed practically-no leukocytic emigration and the tissue swarmed 
with bacteria. 

(3) Intoxication does not destroy the phagocytic power of the 
leukocytes. 

(4) Intoxication apparently does not affect the motility of the 
leukocytes. 

(5) The failure of the leukocytes to emigrate and marginate 
along the capillary walls in the intoxicated state appears to be due to 
the effect of intoxication on the vascular inflammatory mechanism. 

These experiments offer convincing evidence that alcoholic intoxi- 
cation maintained at a point of stupor destroys resistance to infection 
with the pneumococcus in rabbits, even in animals rendered highly 
immune. F. DE M. 


Filtration Sterilization under Normal Dispensary Conditions. 
J. R. Elliott and W. N. Hailstone. Pharm. J. 88, 3927 (1939). A 
report and description is made of a device used in Mile End Hospital 
for filling vaccine bottles with sterilized parenteral solutions. The 
device is designed to avoid air and hand contamination during trans- 
fer of the sterile filtrate into the proper container and is arranged so 
the filling needle is protected from contamination when not in use. 
It consists of two parts—a sterilizing and a filling unit. The steriliz- 
ing unit comprises a 5/3 sintered glass funnel passed through one neck 
of a 500 cc. resistance glass Woulff’s bottle. A bent delivery tube leads 
through the second neck of the Woulff’s bottle and passes through a 
glass T tube which has an air filter attached to it. - The delivery tube 
is provided with a screw clip or clamp for regulating the flow of the 
solution. The filling unit attached to the further end of the bent 
delivery tube consists of an 8/10 bore hypodermic needle for filling 
and a tubular glass guard which surrounds the needle. The lower 
end of the glass guard is fitted with a vaccine bottle cap covered with 
a double layer of gauze and a layer of cellophane. The upper end of 
the guard fits into a glass T piece having an air filter attachment. The 
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entire guard device is made to slide up and down around the delivery 
needle; rubber stoppers and thin walled tubing providing movable 
joints between the movable parts. The entire unit is reported to be 
not greater than 12 inches by 6 inches and quite conveniently sterilized. 

In using the device, the liquid to be sterilized is poured into the 
filter funnel and the Woulff’s bottle partially evacuated by attaching a 
low-pressure system to the air filter, the screw clip having been closed. 
After collecting the filtrate the vacuum is disconnected, sterile air flows 
in through the air filter restoring normal pressure. 

The bottles to receive the sterile solution are capped and partially 
evacuated by piercing the rubber caps with a hypodermic needle which 
is attached to a low-pressure system. The bottles are then auto- 
claved, cooled and transferred to a 2 per cent. phenol solution or a 
similar antiseptic and stored until needed. 

The cellophane dust cover being removed from the filling unit, 
the sterile bottle is placed close to the rubber cap, which is protected 
by gauze soaked in 2 per cent. phenol solution. A firm push upwards 
brings the delivery tube well within the vaccine bottle and the solution 
is drawn in by opening the previously closed screw clip. Upon filling 
the screw clip is closed, the T piece pushed downwards until the needle 
is again inside the glass guard. Punctures in both caps immediately 
seal and prevent contamination. Numbers of punctures have been 
made in the caps before any leakage occurs. 

The writers report no contamination in batches of solutions filled 
by using this device and the samples tested for bacterial growth, al- 


though the filling was done on an open bench beneath a window. 
H. P. F. 


Estimation of Amylases by Liquefaction of Starch Paste. 
J. Blow and A. Bok. .Z. physiol. Chem. 256, 197 (1937) through 
Analyst 64, 135 (1939). The rate of hydrolysis of starch has been 
used previously to determine the activity of enzyme preparations, the 
hydrolysis being followed by measuring the viscosity of the solution 
at intervals. The chief objection to the method is that the use of a 
different starch or slight variations in the method of making the starch 
paste led to variations in the viscosity of the latter and so to variations 
in the apparent enzyme activity. For this reason the authors made 
use of a standard solution of sucrose; and calculated the time in sec- 
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onds at which the viscosity of the amylase-starch paste mixture was 
(a) double that of the standard (t,), and (b) equal to that of the 
standard (tg). Then tg—t; is the time required for 1 gram of the 
amylase to reduce the viscosity of a starch paste from twice that of 
the standard solution to that of the standard. The “enzyme activity” 
is expressed as 1000 

a (to—t;). 

By this method consistent results are obtained with an error of 
less than 2 per cent. The results are independent of the quality, age 
or origin of the potato starch, of the speed of stirring or temperature 
during the preparation of the starch paste, of the viscosity of the 
paste, and of the type of viscosimeter used. The methods for the prep- 
aration of the starch paste and the measurement of the rate of hydroly- 
sis are given. L. F. T. 


The Choice of Drugs. Reports by members of the Depart- 
ment of Pharmacology and of Medicine of Cornell University Medical 
College and New York Hospital. J. A. M. A. 112, 1151 (1939). 
Selections were made through sound pharmacologic evidence, clinical 
experience and cost. Dr. Cary Eggleston chose accurately standardized 
powdered digitalis leaf as best suited of any digiltalis preparation for 
oral administration. For intravenous administration he chose crystalline 
strophanthin-G or ouabain. There are no satisfactory preparations, 
in is estimation, for intramuscular or subcutaneous injection of digi- 
talis. 

In choosing a xanthine derivative, Dr. Eggleston was of the opin- 
ion that the soluble ones are so irritating and sometimes nauseating 
that experimentation upon the individual patient is necessary in order 
to find the most efficient, and least discomforting salt. 

In thyroid therapy, Dr. Ephraim Shorr indicated preference for 
dried thyroid substance of U.S.P. standard. If the patient’s thyroid 
gland is capable of elaborating its own hormone, iodine in the form of 
syrup of hydriodic acid is suitable. In overactivity of the thyroid 
gland, iodine is also acceptable as a drug. Addison’s disease of the 
adrenal cortex indicates administration of sodium chloride, with more 
severe cases requiring preparations of adrenal cortical hormone in 
addition. 
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Dr. Shorr indicated extract of parathyroid gland supplemented 
by vitamin D for parathyroid insufficiencies. Pitressin was indicated 
for pituitary gland treatment. Testosterone propionate was the cited 
availability of the male hormone, while the female sex hormone was 
mentioned as suitably available in the form of ketohydroxy and di- 
hydroxy estrin. The scarcity and costliness of corpus luteum prep- 
arations are limiting its full use. 

Among the arsenicals, Dr. Walsh McDermott gave preference to 
arsphenamine and second choice to neoarsphenamine. Other arsenical 
preparations are indicated only when the two previously mentioned 
substances produce too much disturbance, or where there is some 
specific call for a specialized arsenical. An insoluble suspension of 
bismuth salicylate in oil is used in place of mercury. 

Daily administration of nine tablets, each containing 60 mg. of 
iron as ferrous sulphate, is routine for iron-deficient patients, accord- 
ing to Dr. Paul Reznikoff. The elixir is also suitable. Parenteral 
liver extract was found best fitted for patients needing such medication. 

Mr. Donald A. Clarke, pharmacist at the hospital, pointed out 
that proprietary preparations of some of the drugs mentioned in the 
reports cost, in some instances, as much as twelve times the identical 
products in the United States Pharmacopceia. J. E. K. 


The Assay of Spirit of Camphor. O.Gisvold. J: A. Ph. A. 
28, 142 (1939). The author states that the official method of prepar- 
ing dinitrophenylhydrazine reagent, and the U.S.P. method for the 
assay of camphor in spirit of camphor is unsatisfactory. He points © 
out experiments in his laboratory, following preliminary experiments 
by Plein and Poe, indicate that 25 per cent. methyl alcohol is a splen- 
did solvent for the 114 per cent. dinitrophenylhydrazine reagent, mak- 
ing it more stable, increasing the yield of dinitrophenylhydrazone, and 
reducing the refluxing time of the assay from four to two and one-half 
hours. J. E. K. 
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SOLID EXTRACTS 
By Ivor Griffith, Ph. M., Sc. D. 


Despite the form in which this information is presented it may 
be accepted as trustworthy and up-to-date. Original sources are 
not listed but they may be obtained upon request. 


One might moralize over the little story described herewith, for 
there is a perfect text suggested. 

It seems that in making feather dusters the feathers are drawn 
through a metal ring to regiment the quills. Light as they may be, 
the feathers have a protective structure of tiny, tough scales that 
scratch and eventually wear out this metal ring. One manufacturer 
found his rings worn so rapidly as to mean serious nuisance and 
expense ; in succession various harder metals were tried—several types 
of steels, then Stellite, then Carboloy. None was entirely satisfactory. 

The successful solution was an exact reversal of the direction in 
which previous attempts were made. 

The microscopic surface of feathers presents an unusual combi- 
nation of abrasive properties of surface, composition and shape. 
Rubbed against what the inventor called “brute hardness,” minute par- 
ticles of metal wore away, whereas lead, not rigid, but pliable, appar- 
ently fowed back and forth under the pressure of the feather surface. 
Lead was proposed and pure lead rings now wear almost indefinitely, 
and so the feather duster business proceeds with serenity. 


Eating the alphabet has the sanction of medical science—not just 
as soup or crackers, but vitamin-wise. But the application of vitamins 
to human nutrition is not new. Ancient Chinese records indicate that 
about 3000 B. C. skins of animals, a fair source of vitamin D, were 
used in the treatment of rickets, and the Eskimos to this very day 
derive their vitamins from whale skin and blubber. When Jacqués 
Cartier’s crew landed at Labrador sick with scurvy in 1535, they were 
restored to health by a standard Indian decoction of spruce needles, a 
potent source of vitamin C. What is new about vitamins is a partial 
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understanding of what they are and how they work, an ability to pre- 
pare them in concentrated form, and above all the knowledge that even 
most who consider themselves well fed fail to get enough minerals and 
vitamins for that first-rate condition known as buoyant health. 


A million germs may mull in comfort on the tiny point of a pin. 
In Washington, D. C., there has been established recently a home for 
authentic germs, good ones and bad ones. And it is a surprisingly big 
home for so tiny a creature, It is Georgetown University. 

The American Type Culture Collection located there depends for 
support upon bacteriologists, mycologists, and protozodlogists the 
world over who have given collections and who pay small fees for 
occasional shipments of their favorite microscopic animals or plants. 
A printed catalogue lists the cultures now available under 2800 weird 
and awe-inspiring names, beginning with Absidia blakesleeana Lend- 
ner, and ending with Zygosaccharomyces versicolor Sacchetti. 


The melancholy Robert Burton, had he been of this day and age, 
would have been neither a tobacco auctioneer nor a radio commendator 
for some of our nationally smoked cigarettes. This is how he raved 
about tobacco as a medicine and abjured it as a habit: .“Tobacco, 
Divine, rare, superexcellent tobacco, which goes far beyond all the 
panaceas, potable gold and philosopher’s stones, a sovereign remedy 
to all diseases, a virtuous weed if it be well qualified, opportunely 
taken, and medicinally used—but as it is commonly abused by most 
men who take it as tinkers do ale, ’tis a plague of mischief, a violent 
purge of goods, of lands, and health, the ruin and overthrow of body 
and soul.” 


I often wonder whose ingenious mind fabricated the fables, if 
fables they be, of the discovery by the “mistake method,” of Perkins’ 
purple, dynamite, the Roentgen ray, mercerized cotton, Kekule’s ring, 
and many more such inventions. Here are two versions of the saccha- 
rin story. 
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One runs that Professor Remsen was lecturing to his class one 
day with samples of many newly prepared chemicals before him on 
the table. During class he unconsciously poked his pencil into several 
samples. 

Later, in his office, he puzzled over a tough problem and touched 
the tip of the pencil point to his lips. Its amazing sweetness sent him 
scurrying back to the lecture hall where he systematically tasted all 
the chemicals until he found the one prepared by Fahlberg at his 
direction. 

The other story, related by Fahlberg in Berlin in 1904 at a chem- 
ical congress, tells how he (Fahlberg) had been working all day in the 
laboratory. After washing his hands he went home to supper, but the 
bread and everything he handled tasted very sweet. He soon found 
that the sweetness came not from the food but from his hands and even 
his forearms. Had Fahlberg been a bit cleaner with his pre-supper 
ablutions, the story might have been different. 


Toward the end of the eighteenth century Edward Jenner, an 
English physician, studied preventive inoculation and introduced the 
safe method of vaccination which we know today. On examining a 
certain woman in a hospital, Jenner diagnosed her illness as smallpox. 
“Oh, no, doctor,” she said, “I can’t have smallpox. I’m a milkmaid.” 
This interested Jenner and he made investigations. He found that the 
milkmaids while milking usually became infected with scabs from ani- 
mals afflicted with cowpox. They contracted a disease similar to a 
mild case of smallpox, and thereafter were immune to the disease. 
Jenner reasoned that there was a safe method, empirically found, of 
preventing the incidence of smallpox. Why not apply it on a grand 
scale? Why not vaccinate the world with the comparatively safe 
cowpox scabs, and wipe out smallpox? He set about collecting his 
material and data, and on May 14, 1796, he performed his first vac- 
cination upon a country boy, James Phipps. He used material from 
the arm of Sarah Nelms, a milkmaid, who had contracted cowpox in 
the usual way. The immunization was proven by exposing Phipps to 
smallpox. He did not contract the disease. In 1798 Jenner published 
his “An Inquiry into the Causes and Effects of Variolae Vaccinae.” 
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This was the birth of vaccination—the greatest single achievement in 
the history of medicine. 


Speaking of operations, it is interesting to observe that, consonant 
with a general improvement in national health (according to statis- 
tics), operations are on the increase. In the United States Army and 
Navy, for instance, the number of operations per 1000 men is about 
twice what it was in 1910. For the general population, the annual 
number of operations performed per 1000 persons is now 65, Selwyn 
D. Collins of the United States Public Health Service found in a sur- 
vey of nearly gooo families in eighteen States. 

Americans undergo more than 8,000,000 operations each year. 
Most numerous, constituting nearly one-third of the total in Mr. 
Selwyn’s figures, are removal of tonsils. Setting bones and operations 
in connection with injuries, are still among those most frequently per- 
formed. Bone-setting ranks second and operations in connection with 
injuries third in order of frequency. Operations on the female repro- 
ductive organs take fourth place and appendicitis operations come fifth. 


Leeches are not in demand as once they were. They had their 
heyday during the early nineteenth century. This mode of blood let- 
ting, so refined, so inoffensive, reached its zenith then and leech farm- 
ing was a recognized industry. In scarlet fever, leeches were applied 
’ to the region of liver, throat and temples. They were considered good 
for mumps, for gout since the time of Pliny, for rheumatism, asthma, 
pleurisy. Half a dozen leeches on each temple would cure a heavy 
cold, it was said. Twenty to thirty were put at the pit of the stomach 
for gastritis, while to lessen high fever French doctors sometimes or- 
dered “a cordon of leeches” all around the patient’s head. 

This seems unduly bloodthirsty when we recall that a single 
European leech can draw from half an ounce to one ounce of blood 
before it is sated. 

By the way, if a leech has stayed on too long by inadvertence it 
can be easily persuaded to relax its hold by dropping a little salt on 
its back. After a leech has rolled off and is lying helpless after its 
feast, a sprinkle of salt will also make it disgorge its intake. 


